In recent years the paper-chromatographic technique has been used extensively to study the soluble nitrogenous compounds ofplants. In this way many new amino and imino acids have been recognized, and some ofthe newly characterized substances have been shown to be major constituents of certain plant species, e.g. y-methyleneglutamine and ymethyleneglutamic acid in groundnuts, Arachi8 hypogaea (Done & Fowden, 1952) ; y-hydroxyglutamic acid in Phlox decussata (Virtanen & Hietala, 1955a) ; y-hydroxy-y methylglutamic acid in the maidenhair fern, Adiantum pedatum (Grobbelaar, Pollard & Steward, 1955) ; y-hydroxy-aaminopimelic acid in the fern Asplenium 8eptentrio-nale (Virtanen, Uksila & Matikkala, 1954) ; 4:5-dehydropiperidine-2-carboxylic acid (baikiain) in Rhodesian teak, Baikiaea plurijura (King, King & Warwick, 1950) ; 5-hydroxypiperidine-2-carboxylic acid in the palm, Rhapisflabelliformi8 (Virtanen & Kari, 1954) , and in Baikiaea (Grobbelaar et al. 1955 ); 4-hydroxypiperidine-2-carboxylic acid in Acacia pentadena (Virtanen & Kari, 1955) . Many of these substances are derived from either glutamic acid or piperidine-2-carboxylic acid. This paper describes the isolation and identification of a new imino acid, azetidine-2-carboxylic acid, which occurs as an important constituent of many plants belonging to No previous reference to the compound occurs in the chemical literature, although the free base, azetidine, was described in the latter part of the nineteenth century. It is also the first time that any simple derivative of this four-atom ring system has been described as occurring in plants, except for an earlier brief account of the present work (Fowden, 1955) .
RESULTS

Isolation
The new substance was first encountered during a limited survey of plant materials for the presence of y-methyleneglutamine and y-methyleneglutamic acid. Two-dimensional chromatograms (run first in phenol and then in butanol-acetic acid) of 70 % (v/v) ethanol extracts of fresh leaves of Convallaria majalis (lily-of-the-valley) showed the presence of a substance that reacted with ninhydrin to give a brown-coloured spot in a position similar to that occupied by y-methyleneglutamine, which also gives a brownish ninhydrin colour. Although, like y-methyleneglutamine, the compound was labile to strong mineral acid, chromatography for longer periods of time, with phenol as solvent, effected a separation between the two substances. Since no other substance possessing similar chromatographic properties had been described, the Convallaria compound, hereafter termed Z, was considered to be a new plant constituent, and a larger-scale isolation was made by using the combined techniques of ionexchange and preparative paper chromatography.
Two separate isolations of Z were made, one with Zeo-Karb 215 for the primary amino acid fractionation followed by purification on washed Whatman no. 3 filter-paper chromatograms, and the second with Dowex 50 for the primary fractionation. Z was finally recrystallized from hot 95 % (v/v) methanol, and its purity checked by chromatography in solvents A, D, E and F (see Experimental section).
This material was optically active, [oc] " -1080.
Chemical properties Elementary analysis of Z suggested an empirical formula C4H702N, and determination of its molecular weight by the method of Barger (1904) gave a value of about 100. Thus the molecular formula was probably identical with the empirical formnula. The hydrogen atoms in this formula are too few in number for it to represent a saturated open-chain amino acid. Two feasible, alternative types of compound, however, fit the formula. The first is an aminobutyric acid with a single C: C unsaturation, and the second is an azetidine-type ring system 21-2 323 L. FOWDEN with a carboxylic acid group substituent on one of the ring carbon atoms. If Z were of the first type, it should be readily hydrogenated catalytically to the corresponding saturated aminobutyric acid. In practice Z could not be altered by hydrogenation. Support for the alternative azetidine-type structure was obtained when Z was shown to contain an imino nitrogen atom by a test reported to be specific for the secondary amine group.
The most striking property of Z was its instability to treatment with mineral acids. Several hydrolysis products were detected on two-dimensional chromatograms (solvent A followed by solvent D) when Z was hydrolysed with 6N hydrochloric acid. Fig. 1 is a diagrammatic representation of a typical chromatogram. S 1 (Fig. 1 ) was identified as homoserine by its chromatographic position and colour, its characteristic lactone formation under acid conditions (streak la) and its oxidation to aspartic acid. Two other products reacted with ninhydrin to give yellow-coloured spots (S2 and S3 on Fig. 1 ), whose colour later changed through a brownish hue to purple. Their initial ninhydrin colour might indicate unsaturation, and the fact that they could be catalytically hydrogenated to y-and a-aminobutyric acids respectively seemed evidence in support ofthis idea. However, treatment of the compounds with aqueous or ethanolic ammonia gave ay-diaminobutyric acid as the main product. This suggested an altemative explanation for the colour reactions and products formed on hydrogenation, namely that two chloroaminobutyric acids (y-amino-oc-chlorobutyric acid, S2, and cx-amino-y-chlorobutyric acid, S3) were arising by treatment of Z with hydrochloric acid. If an azetidine-type ring structure for Z is assumed, such hydrolytic behaviour would be in accordance with the known manner of breakdown of the free base, azetidine, on hydrolysis with hydrochloric acid, when 1-amino-3-hydroxypropane and 1-amino-3-chloropropane are the products (Howard & Marckwald, 1899) . y-Amino-oc-chlorobutyric acid was later synthesized and shown to have chromatographic properties identical with those of spot S2 on Fig. 1 .
The fourth logical breakdown product, y-aminoa-hydroxybutyric acid, was not detected on twodimensional chromatograms run with solvents A and D. The reason for this later became apparent when the substance was synthesized and chromatographed; in phenol and butanol-acetic acid it has R, values identical with those of homoserine. In collidine-lutidine, however, y-amino-oc-hydroxybutyric acid flows a little slower than homoserine. When the products of hydrolysis by hydrochloric acid of a larger amount of Z were re-examined on phenol/collidine-lutidine chromatograms (see Fig. 2 ), a small amount of a substance (S4) inseparable from added y-amino-a-hydroxybutyric acid was shown to be present. This substance was oxidized by acidic potassium permanganate solution to give f-alanine.
When 3N sulphuric acid or 70 % (w/v) hydriodic acid was used for hydrolysis, the breakdown products were different. Although homoserine was a product in all cases, the nature of the other products as indicated by chromatography differed kRBOXYLIC ACID
Synthe8i8
The foregoing evidence strongly suggested that Z was azetidine-2-carboxylic acid. To confirm this conclusion azetidine-2-carboxylic acid was synthesized by two followed by elimination of hydrogen chloride and cyclization by treatment with barium hydroxide. This second synthesis was based on that of proline from ornithine (Hamilton, 1952) , where a similar inversion of optical rotation occurred.
Both synthetic azetidine-2-carboxylic acid samples were shown to be identical with Z by chromatography (all solvents) and by the identical nature of their degradation products after hydrolysis with hydrochloric acid with those obtained from Z. The infrared absorption spectrum of the synthetic material ([oc] 20 + 1200) was identical with that of Z.
The synthetic and degradative steps described above for azetidine-2-carboxylic acid can be summarized as in Fig. 3 .
Di8tribution
Azetidine-2-carboxylic acid would appear to be mainly restricted to plants belonging to the family Liliaceae with a less frequent occurrence in the members of the families Agavaceae and Amaryllidaceae. An account of the qualitative occurrence of this and other recently discovered amino acids in many plants of these famnilies is given by Fowden & Steward (1956) , where the taxonomic implications of a study of their distribution are discussed. Quantitative estimates of the amounts of various amino acids, particularly azetidine-2-carboxylic acid, in plant materials were made by using, in a slightly modified form, the method of Thompson, Zacharius & Steward (1951) and . All quantitative assays were made on two-dimensional chromatograms run first in phenol at pH 5-5 followed by the one-phase butanolacetic acid mixture. The data obtained are presented in Table 1 , where the amounts of oc-amino or -imino nitrogen are expressed as a percentage of the total amino or imino nitrogen present in all the acids. Azetidine-2-carboxylic acid is present in widely different amounts in different species.
DISCUSSION
The identification of azetidine-2-carboxylic acid as a natural product has added to the known types of heterocyclic ring systems that can occur in plants. The ring has been reported to occur in a natural product on one previous occasion by Stoll, Renz & Brack (1951) , who showed that it was present in the antibiotic nocardamin, where it formed a part of a more complex structure. The isolation of this lower AZETIDINE-2-CARBOXYLIC ACID analogue of proline follows closely on the recent recognition of piperidine-2-carboxylic acid (pipecolic acid), the next higher analogue of proline, as a plant constituent (Zacharius, Thompson & Steward, 1952; Morrison, 1952) . While present knowledge would indicate that proline is the most widely distributed of the three cyclic imino acids throughout the plant kingdom, pipecolic acid is also found to be present in species ofmany plant families and is often most abundant in seeds (Zacharius, Thompson & Steward, 1954) . But of the three substances it is azetidine-2-carboxylic acid that appears capable of being accumulated by plants to the greatest degree, e.g. about 3 g./kg. fresh weight in Convalkwia, Polygonatum and Rohdea leaves (see Table 1 ). The seeds of Convallaria contain all three imino acids.
Recently the presence in plants of allohydroxyproline (obtained from Santalum album by Radhakrishnan & Giri, 1954) and 5-hydroxypipecolic acid (obtained from Rhapisfiabelliformi8 by Virtanen & Kari, 1954 ; and from Baikiaea plurijura by Grobbelaar et al. 1955 ) have been confirmed by isolation. Now that the presence of a third simple heterocyclic ring is established, the possibility exists that hydroxyazetidine-2-carboxylic acids may eventually also be shown to be plant constituents.
The complex way in which azetidine-2-carboxylic acid broke down when treated with concentrated hydrochloric acid to give four products at first suggested that Z might be a peptide-like compound. However, no biuret reaction was obtained, and the determined molecular weight proved this idea to be impossible. Virtanen & Linko (1955) reported that Polygonatum contained large amounts of a new compound of imino acid type. The properties they described for this substance were identical with those found for azetidine-2-carboxylic acid, with the exception of their published molecular weight of 303. Virtanen & Linko originally suggested that their compound had a more complex cyclic structure, but Virtanen (1955) Whenever a new nitrogenous compound is found to occur naturally in significant amounts and its structure has been established, it becomes possible to speculate on its biogenesis and the ways in which it might be concerned with the metabolism of related compounds. By analogy with the biogenesis of proline from glutamic acid or ornithine via glutamic-y-semialdehyde in micro-organisms (Vogel & Davis, 1952; Vogel, 1953; Fincham, 1953; Vogel & Bonner, 1954) , and that of pipecolic acid from lysine in animals and plants (Grobbelaar & Steward, 1953; Lowy, 1953; Rothstein & Miller, 1953; Schweet, 1954) , it might be supposed that azetidine-2-carboxylic acid arises in a similar manner from one or more of the amino acids aspartic acid, homoserine and diaminobutyric acid. All three possible precursors have been detected in plants, and the details of the conversion of aspartic acid into homoserine have recently been established by Black & Wright (1955a, b, c) Gordon & Martin (1944) . The solvents used included: (A) water-saturated phenol used after adjustment to pH (measured with a glass electrode) by addition of NaOH (Steward, Zacharius & Pollard, 1955) ; (B) watersaturated phenol with NH3 soln. (Dent, 1947) ; (C) the nbutanol-acetic acid-water mixture (4:1:5, by vol.) of Partridge (1948) ; (D) a one-phase solvent consisting of 450 ml. of n-butanol, 50 ml. of acetic acid and 145 ml. Isolation of Z. Fresh Convallaria leaves (1-85 kg.), collected just before the plants flowered, were macerated in small batches with a total volume of4 1. of 70 % (v/v) ethanol in an Atomix blendor. The mush was pressed through muslin and the filtrate was centrifuged to remove the finer debris. It was then evaporated to small bulk (250 ml.) in vacuo at 500 to remove most of the ethanol, diluted to 750 ml. with water, and extracted twice witb 500 ml. portions of CHCl3to remove the leafpigments. The aqueous layer, further diluted to 1-2 1., was shaken overnight with 50 g. of acetic acidtreated charcoal (British Drug Houses Ltd., absorbent grade) to absorb tyrosine and phenylalanine, and remaining colouring matter (Partridge, 1949 (c, 3-6) . (Found: C, H, (6) (7) (8) N, H, (6) (7) (8) (9) ; N, 13-8%.) Determination of the molecular weight of Z was made by the method of Barger (1904) , aqueous proline solutions ofknown 328 I956 VAZETIDINE-2-CARBOXYLIC ACID concentration being used as the comparative standards. The method as used, whilst not capable of yielding a result of extreme accuracy, indicated that Z had a molecular weight of about 100. It therefore established that the empirical and molecular formulae for Z were identical. Z was very soluble in both cold and hot water, but virtually insoluble in absolute ethanol.
Presence of imino N in Z. Feigl (1954) describes a specific spot test for the secondary amine group. Z (1 mg.) was dissolved in 0-25 ml. ofwater, and a drop ofthis solution was mixed with a drop of the test reagent (1% (w/v) sodium nitroprusside solution to which 10 % by volume of acetaldehyde had been added). Finally a drop of 2 % (w/v) Na2CO3 solution was added with stirring to the mixture, when a strong blue colour, characteristically given by compounds containing imino groups, developed rapidly. When proline was tested under the same conditions the reaction appeared slightly more sensitive, but the a-amino acids tested gave no reaction.
Lability ofZ to acid. In testing for the possible presence of an amide group in Z, the compound was heated with w-HCI for 3 hr. at 1000. Several reaction products, in addition to much unchanged Z, were detected chromatographically (indicating that Z was somewhat unstable to acid). More vigorous acidhydrolysiswith 6N-HCI for 24hr. at 1000 completelydecomposed Z to yieldproducts in the positions shown in Fig. 1 on two-dimensional chromatograms developed with solvents A and D. S1 was probably homoserine, the streak S1 a being due to the gradual decomposition, during the development with phenol, of homoserine lactone, produced from homoserine under the conditions of acid hydrolysis. Synthetic homoserine, after heating with 6N-HCl as above, showed identical chromatographic behaviour, producing spots in the positions of those of S 1 and S1a.
To obtain information regarding the nature of the compounds S2 and S3 (Fig. 1) , 100 mg. ofZ was hydrolysed with 6N-HC1, and after repeated evaporation of the hydrolysate to remove HCI the residue was dissolved in 1 ml. ofwater and applied as a band across a sheet of washed Whatman no. 3 paper. The chromatogram was developed for 40 hr. in nbutanol-acetic acid (solvent D) and, after drying, the positions of the hydrolysis products were determined by the location-strip technique. The products S2 and S3 were well resolved and were isolated from the paper in a manner similar to that described for Z. S 1 (homoserine) and S1 a (homoserine lactone, which had a slightly higher Rp than the parent compound) were not isolated separately.
The purity of the materials isolated was checked by chromatography in phenol (A), butanol-acetic acid (D) and collidine-lutidine (E). Whilst S2 and S3 were free of other ninhydrin-reacting substances, chromatograms developed with solvent E showed that the S 1/S 1 a complex contained small amounts of a further ninhydrin-reactive substance S4 (see Fig. 2 ). The isolated S 1 plus S 1 a was therefore further purified on a paper chromatogram run for 36 hr. in collidinelutidine, from which separate fractions of S 1 plus S1 a and S4 were isolated. Nature of S 1 and 8 1 a. S1 a was converted into a substance which behaved like S 1 on paper chromatograms by treatment with lON-NH3 soln. at 1000. Such treatment converts homoserine lactone into homoserine. S 1 was inseparable from homoserine when the two substances were chromatographed together on paper chromatograms developed with solvents B, C, E and F. S 1 was slowly oxidized by a solution of 1 % (w/v) KMnO4 in 20% (w/v) H2SO4 to a substance chromatographically identical with aspartic acid.
These observations support the idea that S 1 was homoserine, and S1 a was homoserine lactone.
Identity of 82. S2, dissolved in 0-5N acetic acid was readily converted into y-aminobutyric acid by treatment with H2 at a pressure of 50 lb./sq.in. in the presence of Adams's PtO2 catalyst. The y-aminobutyric acid was identified chromatographically by comparison with an authentic sample of synthetic material. It had m.p. 1910, and the mixed m.p. with an authentic sample (m.p. 1910) was 1890.
When heated with lON-NH3 soln. in a sealed ampoule at 100°for 3-4 hr., S2 gave mainly ay-diaminobutyric acid, together with traces of azetidine-2-carboxylic acid and y-amino-ac-hydroxybutyric acid. Each product was recognized by chromatographic comparison with synthetic material; the characteristic ninhydrin colour responses of acy-diaminobutyric acid (red-brown) and azetidine-2-carboxylic acid (brown) aided in their identification.
S2 was inseparable from synthetic y-amino-a-chlorobutyric acid when the two substances were chromatographed together in solvents A, D and E. The synthetic material reacted in the same way as S 2 when hydrogenated or treated with NH3 soln.
These observations support the idea that S2 was y-aminooc-chlorobutyric acid.
Identity of S3. When hydrogenated under the conditions described above, S3 gave a-aminobutyric acid (identified chromatographically). When treated with aqueous 1ON-NH3, soln., some axy-diaminobutyric acid was formed together with larger amounts of homoserine. From these facts and the similarities of the ninhydrin colours of S2 and S3, it is inferred that S3 was a-amino-y-chlorobutyric acid. No satisfactory method of synthesizing this compound has been found (see Discussion).
Identity of S4. S4 was shown to be inseparable from synthetic y-amino-a-hydroxybutyric acid when the two substances were chromatographed together in solvents A, D and E. S4 was oxidized far more readily than homoserine by 1% (w/v) of KMnO4 in 20% (w/v) of H2SO4, giving a product chromatographically indistinguishable from ,-alanine. These observations support the idea that S4 was y-amino-a-hydroxybutyric acid.
Under the conditions used for the hydrolysis of Z with HCI, homoserine and y-amino-a-chlorobutyric acid were the main reaction products, being formed in approximately equal amounts, and y-amino-ac-hydroxybutyric acid and x-amino-y-chlorobutyric acid were produced in much smaller amounts.
Other hydrolytic reagent8. Hydrolysis of Z with 3N-H2SO4 at 1000 for 24 hr. yieldedhomoserine, and two other products which moved very slowly on paper chromatograms in solvent D and gave a normal purple colour with ninhydrin. Their identities were not studied further.
Treatment of Z with 70 % (w/v) HI and a trace of red P at 140-150°for 4 hr. gave homoserine, homoserine lactone and y-aminobutyric acid as the main products together with small amounts of a-aminobutyric acid (all substances recognized chromatographically). Z was apparently unchanged after treatment with 5N-Ba(OH)2 solution at 1000 for 24 hr. Adamson (1939) , was dissolved in 10 ml. of lON-HCl in a Kjeldahl flask. Finely powdered AgNO2 (0.75 g.) was then added to 8 ml. of ice-cold N-HCI, and the mixture filtered through glass wool into the solution of diaminobutyric acid. This solution was then boiled for 1 hr., 6N-HCI solution being added as necessary. The contents of the flask were then evaporated to dryness three times to remove HCI. The residue consisted of y-amino-a-chlorobutyric acid, together with unchanged diaminobutyric acid. These two substances were readily separated on a paper chromatogram developed with solvent D for 40 hr. y-Amino-m-chlorobutyric acid was isolated from the chromatogram by procedures described above, and purified by repeated precipitation from concentrated aqueous solutions by the addition of ethanol. Yield 30 mg., m.p. 1710. (Found: C, H, (5) (6) (7) N, Cl, H, (5) (6) (7) (8) N, Cl, 25.8%.) The optical configuration ofthe product was not determined, although the conditions used probably caused racemization to occur (compare Hamilton, 1952) .
Synthesis of y-amino-a-hydroxybutyric acid. This substance was prepared from ay-diaminobutyric acid under conditions normally used for the replacement of an a-amino group by an OH group. Silver nitrite (0-75 g.) was added to 10 ml. of N-H2SO4 with stirring. The mixture was filtered through glass wool into a solution of 225 mg. of L-aydiaminobutyric acid dihydrochloride dissolved in 10 ml. of water. After standing for 30 min. most of the Ag+ and SO42-ions were removed by addition of hot Ba(OH)2, and solid BaCO3 was added to complete the precipitation of Ag20 and BaSO4. The filtrate was then evaporated to dryness; the residue consisted of unchanged diaminobutyric acid and y-amino-a-hydroxybutyric acid. These two substances were separated on a chromatogram developed in solvent D for 40 hr., and the y-amino-a-hydroxybutyric acid was isolated free of other ninhydrin-reactive substances. It was very soluble in water, and the syrup obtained only slowly crystallized when desiccated. Recrystallization of the small quantity obtained (35 mg.) was not achieved.
y-Amino-a-hydroxybutyric acid has been prepared by decarboxylation ofy-hydroxyglutamic acid with Escherichia coli by Virtanen & Hietala (1955b) , who observed chromatographic properties for their material similar to those recorded on Fig. 1 for S4 .
Synthesis of azetidine-2-carboxylic acid. (a) From yaminobutyric acid. y-Aminobutyric acid (200 mg.) was mixed with 0-1 ml. of Br2 and a trace of red P and heated in a sealed ampoule at 1000 for 12 hr. A small portion of the reddish brown viscous product was dissolved in water and the solution chromatographically examined. The y-aminobutyric acid had been largely converted into a substance moving slightly slower than the parent compound in butanol-acetic acid (solvent D), and which reacted with ninhydrin to give a yellowish brown colour which slowly changed to purple over 24 hr. This intermediate, although not separately isolated, was almost certainly y-amino-abromobutyric acid, by the similarity of its properties (e.g. colour behaviour with ninhydrin; reaction with conc. NH3 soln. to give axy-diaminobutyric acid) to those of y-amino-achlorobutyric acid, and the fact that halogenation normally occurs at the carbon atom adjacent to a carboxyl group. The remaining product of bromination was dissolved in 10 ml. of water, and 10 ml. of hot N-Ba(OH)2 was added. The mixture was refluxed for 20 min. and the barium was precipitated by the addition of the theoretical quantity of H2SO4. Bromide was removed from the filtrate by stirring in freshly prepared Ag2CO3, and after a further filtration silver was removed by H2S. The final filtrate was evaporated to dryness; the residue consisted of azetidine-2-carboxylic acid, some unchanged y-aminobutyric acid and a trace of y-amino-a-hydroxybutyric acid. The azetidine-2-carboxylic acid was purified by chromatography on a sheet of Whatman no. 3 paper developed in solvent D for 48 hr. The isolated material was recrystallized from 95% (v/v) methanol to yield 38 mg. of optically inactive azetidine-2-carboxylic acid. On heating, the crystals gradually darkened in colour above 2000 without melting.
(b) From L-ay-diaminobutyric acid dihydrochloride (prepared as Adamson, 1939) . L-Diaminobutyric acid dihydrochloride (5 g.) was dissolved in 150 ml. of 1ON-HCI in a 400 ml. beaker placed in a water bath at 600. Finely powdered AgNO2 (10 g.) was then added to 120 ml. of icecold N-HC1 with stirring. Silver chloride was removed by filtration through glass wool, the filtrate being run into the beaker containing the diaminobutyric acid solution. The mixture was kept at 600 for 20 min. and then evaporated rapidly in vacuo at 500 on a rotary evaporator. The residue was found by paper chromatography to consist of y-aminoa-chlorobutyric acid, together with some unchanged diaminobutyric acid and a small amount of y-amino-ahydroxybutyric acid. The isolation of the chloroamino acid was not attempted at this stage, but the residue was dissolved in 100 ml. of water and 100 ml. of hot N-Ba(OH)2 was added. The mixture was refluxed for 20 min. and the azetidine-2-carboxylic acid formed was isolated by the procedure used in method (a) above. The yield of recrystallized material was 1-3 g. It had [oc] 20 + 1020 in water (c, 3-6). The substance did not melt but slowly darkened in colour when heated above 2000. (Found: C, 47-5; H, 6-9; N, 13-5. C4H702N requires C, 47-5; H, 6-9 ; N, 13-8%.) The molecular weight by Barger's method was about 100.
The optical activity of the final product was dependent upon the temperature and the time of heating of the diaminobutyric acid with the HNO2 and HCI mixture in the first stage of the preparation. When a temperature of 700 was used for 40 min., the azetidine-2-carboxylic acid obtained had [a] 20 + 790, and boiling for 90 min. gave an optically inactive product.
Identity of Z with synthetic azetidine-2-carboxylic acid. The two substances showed identical chromatographic behaviours in solvents A, D, E and F, and reacted with ninhydrin under normal conditions (chromatograms heated to about 800) to give characteristic brown-coloured spots.
When the chromatograms were sprayed with ninhydrin and allowed to stand at laboratory temperature to develop colour, the substances reacted slowly to give a more normal colour (purple), which later changed to brown on heating.
The infrared spectra of the natural material (Z) and the optically active synthetic compound ([a] 20 + 1020) were identical (Fig. 4) between the spectra of other active and racemic compounds (amino acids including y-methyleneglutamic acid and ymethyleneglutamine, Wailes, Whiting & Fowden, 1954; proline, Hamilton, 1952;  pipecolic acid, personal communication from Professor F. C. Steward, Cornell University). All spectra were determined on mulls prepared by intimately grinding the samples with Nujol (liquid paraffin).
Quantitative extraction of amino acid4from plant materia8s.
Plant material was macerated with ethanol to give a final ethanol concentration of 70% (v/v). The extraction was repeated until virtually complete extraction of soluble nitrogenous compounds had been achieved. The combined extracts were evaporated to dryness at laboratory temperature and the residues redissolved in small volumes of water. Each solution was twice extracted with an equal volume of CHCl8 to remove pigments, and the aqueous layers were re-evaporated. The residues were finally dissolved in water so that 1 ml. of each solution contained the soluble substances present originally in 5 g. of fresh leaf material or in 2-5 g. of air-dry seed material. Portions (30 p.) of all extracts were used in the preparation of the quantitative chromatograms. SUMMARY 1. Anewcyclic imino acid, azetidine-2-carboxylic acid, was isolated from leaves of ConvaUaria majalH8 (lily-of-the-valley), and its structure confirmed by comparison with synthetic material.
2. DL-Azetidine-2-carboxylic acid was synthesized from y-aminobutyric acid; optically active azetidine-2-carboxylic acid [(+ )-form] was synthesized from L-ocy-diaminobutyric acid.
3. Four products resulted when azetidine-2-carboxylic acid was treated with 6N hydrochloric acid. These products were identified as homoserine, y-amino-a-hydroxybutyric acid, y-amino-a-chlorobutyric acid and x-amino-y-chlorobutyric acid, the nature of the first three being confirmed by comparison with synthetic material.
4. The amounts of azetidine-2-carboxylic acid and other amino acids present in certain members of the Liliaceae and Agavaceae were determined. The new imino acid was a major soluble nitrogenous constituent of several of the plants.
5. Possible steps involved in the biogenesis of azetidine-2-carboxylic acid have been briefly discussed.
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